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ABSTRACT: The study of plasma and interacting beam parameters shows that the stabili- 
zation of beams by nonlinear means is possible. The mechanism investigated in this con 
nection is the pumping of excited oscillations into a nonresonant spectral region. It 

is assumed that ‘the characteristic time of pumping is shorter than the instability de- 
velopment time, thus keeping the energy of the waves low. The spectral density time 
behavior is obtained by deriving the cross section for dispersion of Langmuir waves on 
the plasma particles. This is done both by use of the theory of growing amplitude ex- 
citations as well as by the quantun-mechanical approach (plasmons). The effects of — 
nonlinearities are obtained from the dynamics of beam instabilities. It ig shown that 
the beam can be accelerated by the excitation of internal electric fields. The analy- 
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sis carried out in this work shows qualitatively that stabilization is possible in the | 
absence of intense external noise, Orig. art. has: 39 formulas. | a 
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: ABSTRACT: The pole of. ‘poundaey effects is investigated for the passage of pulses 
- of electromagnetic waves through a plasma boundary. Cases of narrow and wide 

. Spectra are analyzed. Stochastic phases of transverse waves and generated 

- longitudinal waves are assumed, The boundary effects. may be used to generate 
. longitudinal waves needed for the effective acceleration of particles in the plasma 
_as well as for the modulation and changing of the spectrum of initial transverse i 
- waves. The application of earn effects in diagnostics of turbulent plesmais ~ i 
* pointed out. The mUnROED thank = a. B. ia M._S, Rabinovich, I. 8 - Danilkin, ' 
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in plasma, in the presence of strong transverse waves. It is fee ie the spectrum 
f 


of longitudinal waves shifts toward higher wave numbers k (lower also..in the °“*- 


case of transverse waves in a homogenoous isotropic plasma. It is found that, in the 

process of 4-plasmon interaction, strong compensating effects (similar to those. 

! occurring in wave dispersion by particles) are possible. The interaction of Langmir- 

type waves is used as an illustrating example. Orig. art. has: 2 figures and 
52 formas. : . 
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ABSTRACT: The effects are considered of the induced dispersion of longitudinal waves | 
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ABSTRACT: A thaoretical study was mde of the nonlinear interaction’ of plasma 
beams and optical beams, whose frequencies are near the frequency (# >) of transi~. | 
tion between inversely populated levels. Only the initial stage of development 

of a nonlinear instability was considered, and an invariant level population was 
assuged. It is indicted that rapidly excited plasma oscillations can provide a 
mechanise for the luminescence of the system, which thenleads to an increase in 

the generation power. Such an increase for a powerful puleed pinch discharge in 

a plasma wes observed experimentally by S. G. Kulagin et al. (ZhETF, PvR, v. 3, 

no, 1, 1966, 12). ‘The generation of frequencies differing from ©,, by the plasm . 
frequency was observed experimentally by N. G. Basov and 0. V. Bo kevich (DAN: 


SSSR, 168, 1966, 6) in an electroa-beam-pumped semiconductor plasma. The anomalously 
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hd emission of the 0H ees at 1665, 1667, and 1720 Miz,. recently red” 

hgh ening (H. Waiver et at., Nature, 209, 274, 1965; I. 8. Shklovskly, Astr. 
Circular, no. 372, June 1966, 1) may well indicate the occurrence of plasma. 

‘  cessiiattons theres, Orig. . art. has: 9 formulas. 
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ae Nonlinear effect in a plasma without collisions and possible prospects for 
m ‘their use 


SOURCE: AN SSSR. Fizicheskiy institut. ‘Trudy, v. 32, 1966. Fizika plazmy (Plasma 
physics), 112-129 ; 


ABSTRACT: ‘The present article is of the review type (35 literature references) and. 

the authors state that it is primarily based on the theoretical results of a series of 
previously published articles. After an extended mathematical introduction, the 

authors consider the subject of the induced dissipation of transverse waves and their { 
transformation into longitudinal waves. ‘The next two subsections deal with processes 
of disintegration and merging of waves in a plasma, and processes of three~plasma | 
dissipation. ‘The next main heading is the nonlinear transformation of transverse i—_ 
electromagnetic waves into longitudinal plasma waves. Following this is a treatment 

of the acceleration of clusters in a plasma using electromagnetic waves. ‘The final H 
section of the article concerns the possibility of the generation of transverse — 
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TOPIC TAGS: particle acceleration, plasma flow, statistic analysis <| 
| 
ABSTRACT: ‘This is a long article of the review type (34 pages, 111 literature 
references). It starts with a mathomatical treatment of the problem of the | 
statistical change of state of the particles in a plasma. Next is a treatment based | 
on Cherenkov acceleration, followed by a consideration of acceleration by means of i 
_| longitudinal oscillations of the plasma. A long section is devoted to nonlinear | 
u effects and the limits of application of induced acceleration. ‘the next main heading | 
4s the statistical characteristics of the accelerated particles. A highly | 
mathematical treatment 4s given to the problem of the acceleration of photons and |__ 
| neutrons. The author next treats the mechanism of acceleration in a weakly turbulent | 
plasma placed in external electric and magnetic fields. The article concludes with a 
discussion of the application of the method to the heating and acceleration of lr 
U 
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| 
| ABSTRACT: Tno present article analyzes several mechanisms for the acceloration of the ! 
individual particles of a plasma acted upon by a high frequency field. It considers | 
the conditions under which data can bo taken on the mechanism of acceleration, and 
offers an evaluation of the mean values of the energy which can be collected by tae 
ees ions and the electrons. The article starts with a mathematical development of the | 
-  § problem of acceleration brought about by waves with a fixed phase in a weak hign | 
J frequency field, and then goes on to a consideration of the samo problem with waves of -— 
i random phase in weak high frequency fields. It concludes with the derivation of 
‘ mathematical expressions for the acceleration of particles in a strong high frequency 


field. "In conclusion the authors thank M. Se Rabinovich for discussion of the 
i problem." Orig. art. hast 25 formulas. 
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TITLE: The interaction of an electron beam with an optically active medium 
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tion of charged particle beams with plasma). Kiev, Naukova dumka, 1965, 111-115 


TOPIC TAGS: electron beam, plasma resonance, plasma interaction, plasma density 


ABSTRACT: The generation of oscillations in the visible and UV ranges is considered 
theoretically in the interacting system of a beam and an optically active plasma. / The 
electron beam is of smaller density than the plasma and has a large thermal component. 
The plasma frequency is much smaller than that of the most rapidly growing harmonic, 
which is about equal to the characteristic frequency of the plasma. The spectrum of 
oscillations excited in the plasma is obtained from the quasilinear theory. At reso- 
nance, nearly all the energy of the beam goes into the kinetic energy of oscillators 
(i. @e, atoms or jons of the plasma) exceeding the collisional transfer of energy to a 
large degree. A numerical example is given to show that very strong generation of _| 
light by this method is possible. It is shown that a beam with a density of 104% cm 4 
and a particle velocity of 3°02 cm/sec injected into a4 plasma with a density of 10/9 |— | 
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ultraviolet). Orig. art. has: 9 formulas. 
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ABSTRACT: “The scope of this 27 page treatise on nonlinear interactions of waves in 


magnetized plasmas is indicated by ‘the following section and subsection headings: 
FX) Nonlinear interaction; 2) Nonlinear scattering; 3) Induced scattering of high fre- 


quency: waves on ions, a) Scattering through virtual plasma waves of plasma waves and 
extraordinary waves into plasma waves and extraordinary waves at the zeroth harmonic;. 
4). Scattering through plasma waves at the first harmonics; 5) Induced nonlinear. 
scattering of waves on ions through virtual quasitransverse waves; 6) Induced scat~ 
tering of low frequency plasma waves on ions; 7) Induced scattering of high frequency: 
waves on electrons; 8) Decay processes, a) Decay of plasma waves into low frequency 
waves, b) Decay of plasma waves into transverse waves and vice versa, d) Decay of 
transverse waves into transverse waves.. The calculations are based on a modification | 
for the case of weakly damped waves in a magnetized plasma under conditions of weak ~ 
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Space dispersion of the general method developed in a series of papers by A.Gaylitis i 
sand V.N.Tsytovich (ZbETP, 46, 1726,1964; 47,1468,1964) and by the present authors 
(ZhETF, 49,795,1965). Three types of waves are discussed: Plosma-waves, ordinary 
waves, and extraordinary waves. Under certain conditions the cross section for 
Scattering on fons can exceed that for scattering on electrons, Tho interaction of 
waves propagating nearly perpendicularly to the magnetic field can somewhat exceed that - 
of waves propagating parallel to the field, Nonlinear scattering involving virtual 


The possibility of nonlinear amplification of plasma oscillations at frequencies near 
the: electron cyclotron resonance ig discussed, Scattering on ions through virtual 
quasitransverse waves can exceed that through quasilongitudinal waves; the conditions 
that this be the case are found, and the induced nonlinear Scattering on ions of low i 
frequency plasma waves ig discussed. The Scattering of waves on the plasma electrons 
is also discussed, Probabilities are given for a number of decay Processes, and 
equations are presented in an appendix with which probabilities of other decay pro- 
cesses can be calculated, Orig. art, has; 133 formulas, and 5 figures, 
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PITLE: On the theory of the excitation and propagation of electromagnetic waves in 
a weakly turbulent plasma : 


SOURCE: Zhurnal tekhnicheskoy fiziki, v.36, no. 10, 1966, 1896-1900 


TOPIC: TAGS: . turbulent plasma, plasma diagnostics, plasma stability, double refraction; 
hydrodynamic ‘theory, perturbation method 


ABSTRACT: Tho authors employ the hydrodynamic equations for the plasma electrons to 
-discuss high frequency perturbations of a weakly turbulent cold plasma. An expression 
containing terms up to the third degree in the electric field strength is obtained 

for the current in the. plasma. It is assumed that: the random electric field due to 
the. turbulence is large compared with the perturbation field, and only terms iinzar 

in the latter are retained. “A formula is given for the dielectric tensor of a plasma 
containing both longitudinal and transverse turbulence. The imaginary parts of the 
dielectric tensor lead to the known decay instabilities. ‘The expression obtained for 
the increment for quasilongitudinal waves in the presence of transverse turbulence 
agrees with that obtained. in the random phase approximation by V.A,Liperovskiy and 
V.N.Tsytovich (Preprint FIAN, A-120, 1965) but is valid beyond the limits of appli~ 
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cability of that approximation. New types of instabilities are found, wnich cannot 

‘| be described in the random phase approximation. Conditions for the appearance of 

| these instabilities in a plasma containing anisotropic longitudinal or transverse 

turbulence are found and expressions for their increments are derived. The double | 
refraction of high frequency waves in a plasma containing anisotropic longitudinal _ 

turbulence is’ discussed. The double réfraction in a turbulent plasma may prove useful| 

in plasma diagnostics. Orig. art. has: 24 formulas. | 
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decay, plasma oscillation 


ABSTRACT: This is a review article with emphasis on the nonlinear interaction between 

waves having randoa phases in a plasma, The nonlinearity is assumed weak, and the 
energy of the interacting waves 4s assumed to be much larger than the energy of the — 
equilibrium fluctuations in the plasma. The sections headings are as follows: Intro- ees 
duction (a. Object of investigation, b. Nonlinear effects and plasma physics, c. 

Problems in the procedure of calculating nonlinear effects). I. General theory of 
interaction of waves in spatially dispersive media (1. Concept of the number of waves 
Connection between the spontaneous ond induced processes. 2. Processes of radiation, 
scattering, and decay. 3. Kinetic equation for waves. 4, Nonlinear plasma current 

and probability of decay processes. 5. Nonlinear and Compton scattering and their 
interference). II. Nonlinear interaction of waves in en isotropic plasma (6. Stim- 
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lated scattering of Langmuir waves with transformation into Langsuir waves on the ie 
plasma electrons. 1. Nonlinear scattering via virtual transverse waves. 8. Induced 
seattering of Langmir waves by ions. 9. Induced scattering of ion-sound waves. if 
10. Nonlinear interaction of Langmuir and d4on-sound waves. ll. Nonlinear interacti 

of transverse waves. 12. Nonlinear interaction of transverse and Langmuir vaves. 

13, Nonlinear interaction of transverse and ion-sound waves). Conclusion. Som un- 
solved problems in the theory of nonlinear interaction are mentioned in the conclusioca 
Orig. art. has: 10 figures end 142 formulas. 
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‘|SOURCE: Zhurnal tekhnicheskoy f1ziki, v. 36, no, 4, 1966, 575-587 


TOPIC TAGS: turbulent plasma, unstable plasma, plasma oscillation, plasma Stability, | 
dispersion equation, nonlinear plasma, nonlinear theory 


’ > PMIF, No.5, 15, 1965), Here they 
discuss the stability of quasistationary states of different types with respect to 
excitation of slow plasma oscillations (which are called " second sound’ ) and derive 
the spectra of the second sound waves. The calculations are based on equations given 
by L.M,Kovrizhnykh and V.N, Tsytovich (ZhETF, 46, 2212, 1964; 47, 1454, 1964), which 
describe the effects of the nonlinear interaction of the waves in the plasma and in 
which spontaneous effects are neglected compared with induced effects, Dispersion 
equations are derived for second sound in different quasistationary states and con- 
ditions for the stability of the states are given, It is shown that the quasistationa 
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seattering on plasma jons of ionic sound generated by an electric current in Aa plasma, 
can be unstable with ‘respect to excitation of second sound, and that the quasistation- 
ary states associated with decay of transverse waves {nto longitudinal waves and of 


longitudinal waves 4nto sound can be stable, The one-dimensional quasistationary estate| - 
into sound is found to remain stable in the) -. 


associated with decay of longitudinal waves 
presence of three-dimensional perturbations. The authors thank V,P.Silin for his . 
Al formulas. 
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TITLE: Nonlinear stabilization of plasma beam instabilities 
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in plasmas is discussed, eS- 
n temperature greatly exceeds the electron temperature .| 


e number of ions. The problen is digcusse 
es from the resonant to nonresonant regions. If the shift oc-; 
curs in a period less than or of the order of the time of growth of the waves, then | 
stabilization occurs. This occurs in some instances without the presence of strong 
external nvise. General stability criteria are derived from the nonlinear kinetic —— 
equations for the beans with large velocity spread. It is shown that the small velo- 
city spread leads to a modified criterion of instability where the electron thermal 
velocity exceeds that of the fons. Orig. art. has: 56 formulas. 
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ABSTRACT: In view of the importance of nonlinear processes arising a5 4 result of 

the high intensity of oscillations excited by beam instabilities, of the interest 

in proposed turbulent neating echemes, and in connection with a number of other 
nlinear plasma pehavior have 


phenomena, several theoretical investigations of no 
recently been carried out. Thia subject is further investigated in the present 
-dinensional self-consistent problems concerning the 


paper, in which geveral ore 
decay or combination of Langmuir and {on-acoustic waves are 
level of excited Langmuir waves 


that instability in & turbulent spec 
he appearance of side- 


leads both to the excitation of Lon-ecous 
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TITLE: On the non-linear energy loss by a charge moving through a plasma 
' SOURCE: Zhurnal telkhnicheskoy fiziki, v.34, no.1, 1964, 3-10 


TOPIC TAGS: plasma, cold plasma, non-linear waves, moving charge in plasma, charge 
cluster 


ABSTRACT: The relativistic motion of a distribution of charge (cluster of charged 
particles) through a cold plasma is treated in the hydrodynamic approximation. Only’ 
the motion of the electrons is considered, the role of the ions being only to as- 
Sure that the plasma as a whole is neutral. The dimensions of the moving charge 
distribution may be comparable with the wavelength of the waves it excites; there- 
fore non-linear effects may be important, and these are taken into account. Only 
Such motions are considered as do not give rise to multi-velocity flow (turbulence). 
The relativistic hydrodynamic equations are written in cylindrical coordinates. The 
moving charge distribution is transformed to rest at the origin of coordinates, and 
‘it is assumed that the azimuthal velocity remains zero. Maxwell's equations are in 
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- troduced and two non-linear equations are derived for two velocity functions. One 
a8 of these functions is the usual relativistic quantity (1-v2)~-1/2 and the other is 
essentially the stream function. The electromagnetic field strengths are expressed 
in terms of these velocity functions. The non-linear equations for the plasma ve- 
locity are linearized by assuming the dependent variables to differe only slightly 
from their undisturbed values. The linearizedequations are solved and an expressim 
is obtained for the rate of energy loss by the moving charge. The rate of energy 
loss is proportional to the square of the total charge, in agreement with the usual 
linear theory. The non-linear plasma equations, of course, cannot be solved in gen-~ 
eral. Two special cases are discussed: 1) the longitudinal dimension of the moving 
charge is small, although its transverse dimensions are not; 2) the transverse di- 
mensions of the moving charge are small, although its longitudinal dimension is not 
Conditions for the appearance of multi-velocity flows are quoted from earlier work 
(V.N. Tsy*#tovich ,DAN SSSR,142 ,No.63,1962) and it is concluded that in the ultra-rela~ 
tivistic case there is a wide range of conditions in which the non-linear effects 
are important and turbulence does not develop. For case 1) the solution is complet 
ed and an involved expression is obtained for the rate of energy loss by the moving 
Gharge, The equataons for aase 4) aro simplifiod by expanding in powors of the ra- 
dius and rotaining only the lowest order torms. Tho equations aro reduced to thase 
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SOURCE: Astronomicheskiy zhurnal, v. 40, now 4, 1963, 612-624 


TOPIC TAGS: magnetically active Plasma, Fermi acceleration, magnetohydrodynamic wave, 
radiation acceleration, particle charge, radiation prossure » Cherenkov radiation, 
Bre msstrahlung, transversal wave » QUasilongitudinal oscillation 


ABSTRACT: Tho study of fast cosmic particles is connected with three parameters: 
the medium, the radiation, and the fast particles. Tho medium, where the particle 
motion occurs, is a magnetically very active plasma. Tho Fermi acceleration in the 
form of magnetohydrodynamic waves is the boundary case of radiation acceloration. 
The force acting on the particle charge can be groater in the medium than the radia- 
tion pressure; it depends upon the wave length and the radius of tho particle. 4 
charged particle moving within a vacuum cannot omit and absorb eloctromagentic waves ; 
therefore, only a dispersion of electromagnetic waves takes Place. In the medium 

an absorption and an emission are possible when the condition of Cherenkov radiation 


APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320018-7" 


"APPROVED FOR RELEASE: 08/31/2001 . 


ach! 


SULSN eG URRY | REA IS Dy 


-' ACCESSION NR: AP3004316 


is fulfilled, i.e., when the particle velocity is higher than the wave velocity, 
Ina magnetically active plasma with Cherenkov radiation and absorption, processes of 
magnetic srem strahlung including radiation and aksorption are possible. The radia- 


Fermi machanism. Radio emission in the cosmos penetrates into Plasma and is there 
_ transformed into Plasma oscillations, A transformation of transversal waves into 
plasma oscillations ig possible because of nonlinear interaction of. waves after dis- - 


under these conditions the aceslorative effect generates the ordinary and extraordin- . 

| ary waves. The problem of Alfven waves and injection as sources of particle acceler- : 
ation is discussed with transformation of the formulas developed earlier. The discus- 
Sion resulted in the conolusion that the onergy density of particles cannot oxceed 
the enorgy density of the radiation, Orig. art. has; 3 figures and 37 formulas. 
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ABSTRACT: ‘The authors study the acceleration of relativistic elec~ 

trons moving in a magnetic field, brought about by tranSverse elec- 

tromagnetié waves for which the: deviat'ion of the dielectric constant 

from unity can be appreciable. ’ The energy acquired by the particle 
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e i j a 
is calculated and the dependence of the particle acceleration on 
its energy is analyzed. The possible role played by such an ac~ 
celeration mechanism in discrete radioastronomy sources is con- 
sidered. It is pointed out that ultrarelativistic electrons can 
become selectively accelerated by transverse electromagnetic waves 
and thus offset possible synchrotron losses. The fact cited as 
evidence in favor of this assumption is that the Crab nebula shows 
no variation in the optical synchrotron radiation, although synchro- 
tron losses of electrons should be appreciable in this energy re- 
gion. It is also pointed out that acceleration by transverse waves 
during the initial stage of supernova envelope expansion resolves 
some of the difficulties connected with the inverse Compton effect. 
It is deduced from the results of the article that it is possible 
for electrons to become accelerated to an energy 2--10 MeV in the 
internal regions of the outer radiation belt. Consequently fast 
electrons should be produced whenever radio emission from a chromo- 
sphere flare passes through the inner zone of the radiation belt. 
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